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Abstract: The analysis of the systematic transitions in the forested 

landscape and the study of the forest fragmentation patterns allow us to 
deepen our understanding of the changes in the vegetation ground cover. 
The importance of knowing the intricate patterns of the land usage of the 
upper basin of the Amazon region is widely recognized. This zone is one 
of the most diverse biological areas in the world, is home to large areas 
of mature tropical cloud forest and demonstrates high probabilities of 
stable climatic conditions in light of global warming. The research quan¬ 
tified systematic transitions through the "loss" and "gain" of the different 
categories of landscape during the eighteen-year study period of the 
Ecuadorian Amazon Region (EAR), the forest fragmentation patterns 
were also analyzed based on a set of indicators. Therefore, with respect 
to the entirety of the landscape, the results registered for the ground 
coverage in forested areas during the first period (1990-2000), show a 
decrease of 6.99% and an increase of 0.68%; and during the second 
period (2000-2008), show a decrease of 3.99% and an increase of 2.14%. 
It demonstrated that forest and agricultural areas tended to replace or be 
replaced by herbaceous vegetation faster than expected fortuitously. 
Finally, the indices of fragmentation signaled intense changes during the 
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1990-2000 period with a reduction during the period 2000-2008. Per¬ 
centages registered in the Largest Patch Index (LPI) were between 
79.58%; 52.39% and 49.99% respectively; while the Patch Density (PD) 
varied between 0.04; 0.06 and 0.07. This suggests the propensity of for¬ 
est cover to remain intact. The results of this investigation suggest a 
tendency towards stability in Ecuador’s Amazon landscape. Within the 
framework for development and management of this area, the tendency is 
natural regeneration. This permits a consolidation of the conservation, 
reforestation, forestation and agricultural forestry plans, programs and 
systems for the protected areas in EAR. 

Keywords: Ecuadorian Amazon, systematic transitions, fragmentation, 
natural regeneration 

Introduction 

Although it is true that human beings have inhabited the Amazon 
Basin for millions of years and their presence has been a modi¬ 
fying agent in the landscape (Balee and Erickson 2006; Denevan 
2003). In the most recent decades the expansion of the agricul¬ 
tural, forestry and industrial areas has had a dramatic influence 
on the configuration of the amazonian landscape. The study of 
patterns and processes related to change in the forest landscape 
including; the relationship between forest fragmentation, human 
impact, national systems for protected areas and conservation of 
the biodiversity, is fundamental for the management of tropical 
forests (Ranta et al. 1998; Revilla et al. 2001; Laurance et al. 
2002; Ferraz et al. 2003; Pattanavibool et al. 2004; Guirado et al., 
2006). Forest fragmentation and the deterioration of the habitat 
are the major causes for the loss of biodiversity and the collapse 
of the primary productivity in the tropical forest (Ranta et al., 
1998; Laurance et al. 1997; Debinski y Holt 2000; DeFries et al., 
2005; Li et al. 2009). 

Forest fragmentation is defined by the reduction of the habitat 
nucleus and an increase in the longitude of the perimeter and 
border area, consequentially producing an increase in the degree 
of sunstroke in forest fragments (Laurance et al. 2002; Cayuela 
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et al. 2006). Consequently, the physical conditions and biotic of 
the habitat can be severely modified. This affects the patterns and 
distribution of species and can cause loss of species (Linera et al. 
1998; Laurance et al. 1998; Cox et al. 2003). 

The changes produced in the vegetation ground coverage and 
the development of sustainable management strategies are a re¬ 
search priority due to their high level of impact on climate, bio¬ 
chemical cycles, hydrology and biodiversity (Turner et al. 1993; 
Schulz et al. 2010). 

Nine countries converge on the seven million km2 that en¬ 
velop the Amazon basin: Brazil, Peru, Bolivia, Colombia, Ecua¬ 
dor, Venezuela, Guiana, Surinam and French Guiana. Currently, 
the Amazon basin has the highest levels of deforestation in the 
world and over the last fifty years, this reality has been related 
primarily to large-scale agriculture, industrial agriculture, the 
proliferation of highways and the more recent exploitation of the 
non-renewable natural resources, petroleum and gas (Laurance et 
al. 2002; Hugh et al. 2004; Michalski et al. 2010). 

Scientific research related to fragmented habitats has concen¬ 
trated the world’s attention around the central and eastern Ama¬ 
zon of Brazil (Laurence et al. 2010). This research (Gardner et al., 
2009; Laurance et al. 2010; Peres et al. 2010) has demonstrated 
that the rapid loss of forest cover and the fragmentation of ma¬ 
ture forests is a major threat to the conservation of tropical bio¬ 
diversity (Lovejoy et al., 1986; Sodhi et al., 2004; Laurance and 
Peres, 2006). 

In contrast, the research related to habitat fragmentation is rel¬ 
atively new in the western and high Amazon regions including; 
Bolivia (Steininger et al. 2000), Peru (Oliverira et al. 2007), Co¬ 
lombia (Armenteras et al. 2006), Ecuador and Venezuela, where 
the eastern Andean Slope begins. This zone is recognized as one 
of the most diverse areas of the planet, and maintains large areas 
of mature tropical cloud forest. It also shows high probabilities 
for stable climatic conditions in light of global warming (Killeen 
et al. 2007; Finer et al. 2008). 

Ecuador is one of the seventeen mega-diverse countries in the 
world, and houses between 5% and 10% of the planet’s biodiver¬ 
sity, even though its territory represents less than 0.2% of the 
world’s land surface (Albornoz et al. 2008). The diversity of the 
Ecuadorian Amazon Region has been documented in taxonomi- 
cal studies of vegetation (Ter Steege et al. 2003), insects (Erwin 
et al., 2004), birds (Stotz et al. 1996) amphibians (Young et al. 
2004), and mammals (Ceballos and Ehrlich 2006). Valencia et al., 
(2004) who found 1,114 morph-species in 62 acres of the EAR 
reported one significant example. 

The human population is equally diverse. According to the 
National Institute of Statistics and Censuses (NISC) in 2010, 
739,814 people lived in the Amazon territory. That is 4.9% of the 
total population of Ecuador. Eight indigenous nationalities are 
included in this percentage: Shuar, Quichua, Achuar, Huaorani, 
Siona, Secoya, Cofan and Zaparas. There are also zones inhab¬ 
ited by isolated indigenous people. 

Various authors (Pinchon 1997; Acosta 2001; Fontaine 2006) 
have described the social- economic reasons for the change in 
usage of the EAR’s land. In the last five decades, the primary 
problems encountered in the Ecuadorian Amazon are related to 
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two activities; the extraction of non-renewable resources (petro¬ 
leum); and the opening of large hubs of human activity and mi¬ 
gratory paths promoted by the state in the 1970’s. Likewise, in 
the last five years, studies that promote new transportation routes 
and extraction projects related to mining hydrocarbon in the 
south of the region have not been implemented. In Ecuador, the 
reference process for land-usage information had not been up¬ 
dated and only addressed work-related research development 
until the end of the 1990’s. This impeded decision-making re¬ 
lated to the movement of forestry resources (International Tropi¬ 
cal Timber Association, 2001). For this reason, the State of Ec¬ 
uador began a process in 2007 to generate and diffuse new in¬ 
formation related to the movement of resources in forestry to aid 
in decision-making. Thus, a methodical protocol was developed 
(Peralvo and Delgado 2010) that established a multi-period 
analysis between 1990-2000 and 2000-2008. 

The preliminary data from the research presented indicates a 
loss of forest during the 1990-2000 period of 74,330.9 ha per 
year, while in the 2000-2008 period; the loss was 61,764.70 ha 
per year. According to this data, in 2008 the rate of deforestation 
was 0.63% for 70% of the Continental Ecuador, which represents 
a change in category from “forested” to “deforested” (IPCC clas¬ 
sification) at 61,764 ha per year. The Amazon was the region 
with the highest loss, approximately twenty thousand ha per year 
(Ecuadorian Department of Environment 2011). The current 
study analyzes the change process through systematic transitions 
between usage categories and the fragmentation patterns in the 
EAR during 1990-2000 and 2000-2008. Our goal was to under¬ 
stand the change tendencies in land usage to contribute relevant 
information for establishing environmental policies that facilitate 
decision-making for the development of forestation and refores¬ 
tation programs and to see increased movement in the national 
system for protected areas in the Ecuadorian Amazon. 

Materials and methods 

An analysis of the systematic transitions (Pontius et al. 2004) of 
land usage in Ecuador has been realized in accordance with the 
study and protocol methods previously mentioned (Peralvo y 
Delgado 2010) for the change of land usage in Ecuador. The 
fragmentation patterns have been analyzed according to various 
requirements in the EAR. 

Study Area 

The EAR is defined as a biogeographic region that corresponds 
to territories located 1,300 m above or below sea level in the 
occidental foothills of the Ecuadorian Andes. It includes all of 
the mountain ranges and low lands to the east of said limit, and 
the borderlines of Colombia and Peru. It can be subdivided into 
two geographic sub regions: High Amazon and the Amazon Plain. 
It is approximately 116,644 km 2 (Fig. 1). 

Regionally, the EAR has a uniform climate, highly thermal 
and humid. The median temperature is close to 25°C and the 
pluviometric levels are higher than 3000 mm annually and can 
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reach up to 6000 mm. Rain distribution is regular throughout the 
year (Pitman et al. 2001). The lands are leachate and poor 
(Sourdat 1986; Koming et al. 1994); nevertheless, they are rela¬ 
tively fertile compared with other areas of the Amazon Basin due 
to their sustenance in the Quarternary-Myocene epoch. The 
sediment that makes up the Andes has relatively enriched the 
land (Hoorn 2010). In any case, the chemical limitations of the 
land become visible in the high levels of acidity, high concentra¬ 
tion of Al +3 , extremely acidic pH, low levels of P available in N, 
low levels of available changing bases and low quality organic 
material in the soil. 

Seven sub-basins of the Southwestern Amazon crisscross the 
EAR and drain into the Amazon River. The hydrographic distri- 
bution in Ecuador’s Amazon Slope is 290 billion m per year, 
with a probable error of 10% (Albornoz et al. 2008). 

The Tropical Cloud Forest dominates the major part of the 
landscape and is accompanied by rain forest in the flood plains 
and smaller wetlands. According to the suggested vegetation 
classification hierarchy of Ecuador (Sierra et al. 1999) these have 
been identified as: low-land evergreen forests, low-land black 
water palm forests, low-land white water rain forests, evergreen 
forests of the Amazon foothills, evergreen forests of the low 
mountains, evergreen forests of the mountain range, moorlands, 
high moorlands, and herbaceous low-lands. 

The area protected in the Amazon is 26,791.15 km , which is 
relatively large considering the total natural protected area in the 
Continental Ecuador is 48,971.08 km 2 (Fig. 1). 



Legend 
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Fig 1: Study area. Ecuadorian Amazon Region (EAR). Protected Areas in 
green, Forest Reserves in Orange, Rivers in blue line, Red dots oil wells. 


EAR (Sucumbios, Orellana, Napo, Pastaza, Zamora Chinchipe, 
Morona Santiago), which includes: 42 counties, 43 urban dis¬ 
tricts and 165 rural districts. 

The data used in this research was derived from a database 
produced by the Ecuadorian State, through the National System 
for Information. The land usage data 1990-2000-2008 and its 
respective usage categories have been generated by the Ecuador¬ 
ian Department of Environment in conjunction with the Meth¬ 
odological Protocol for the Ecuadorian Deforestation Map (Per- 
alvo and Delgado, 2010), which has considered the recommen¬ 
dations of the Inter-governmental Climate Change Panel (IPCC, 
2006). Thus, the following basic categories of coverage were 
determined: (1) Agriculture, (2) Forest, (3) Wetland, (4) Herba¬ 
ceous Vegetation and Moorland (5) Urban Zone and (6) Other. 
The database references can be found in the political administra¬ 
tion (NISC). 

Analysis of the change in ground coverage 

To calculate the extension in each category the following classi¬ 
fied maps were analyzed; ArcGIS 9.2 (ESRI, 2006) and the ex¬ 
tension SpatialAnalyst. Cross tabulation was used between clas¬ 
sifications through GeographicResourcesAnalysisSupportSystem 
(GRASS GIS), as were r.cross and r.repor. The total, gain, loss 
and permanence were also calculated according to the method 
proposed by Pontius et al. (2004). The cross tabulation analysis 
of change is a statistical method used to identify signs of system¬ 
atic processes among different land patterns. The systematic 
transitions between the classifications were calculated and ex¬ 
amined through the database matrix entries and deletions by 
cross tabulation and on a diagonal. 

The analysis of the landscape fragmentation patterns was de¬ 
veloped with the use of FRAGSTAT Version 3.3, and considered: 
(1) Patch Number (NP), (2) Patch Density (PD), (3) Mean patch 
area (AREA MN), (4) Largest Patch Index (LPI), (5) Euclidean 
Nearest Neighbor Distance Distribution (ENN MN), (6) Total 
Core Area (TCA), and (7) Core Area Percentage of Landscape 
(CPLAN). 

Results 

Changes in the land usage and systematic transitions 

The total gain, total loss, total change, interchange and absolute 
value of net change in the landscape for each category during the 
1990-2000 and 2000-2008 periods are demonstrated in Table 1. 
Here, the “Forest” category shows the highest loss during the 
two periods, while the most important gains were found in the 
“Agriculture” category. Another important relation was observed 
in the gains and losses of the “Herbaceous Vegetation and Moor¬ 
land” category, which, after “Forest” and “Agriculture” accounts 
for the largest extension in the Amazon landscape. 

Finally, during the two periods, the total change of the land¬ 
scape was highest in the “Forest” and “Agriculture” categories. 


The study of the landscape included the six provinces of the 
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Table 1: Changes in the land usage in the Ecuador Amazon Region (%), periods 1990- 

2000, 2000-2008 



Period 

Category 

Gain 

Loss 

Total Change 

Interchange 

Absolute value of net 

change 


Agriculture 

5.32 

0.40 

5.72 

0.8 

4.92 


Forest 

0.68 

6.09 

6.77 

1.36 

5.41 


Urban Zone 

1.18 

0.07 

1.25 

0.13 

1.12 

1990-2000 


Other 

0.06 

0.14 

0.2 

0.12 

0.08 


Herbaceous Vegetation and Moorland 

1.36 

0.83 

2.19 

1.66 

0.53 


Wetland 

0.09 

1.17 

1.26 

0.18 

1.08 


Agriculture 

3.07 

2.19 

5.26 

4.37 

0.89 


Forest 

2.14 

3.99 

6.13 

4.27 

1.86 


Urban Zone 

0.28 

0.30 

0.58 

0.55 

0.03 

2000-2008 


Other 

0.11 

0.08 

0.19 

0.17 

0.02 


Herbaceous Vegetation and Moorland 

2.15 

1.25 

3.4 

2.51 

0.89 


Wetland 

0.11 

0.03 

0.14 

0.07 

0.07 


The most significant systematic transitions that occurred in 
both periods between categories are shown in Tables 2, 3, 4 and 
5. Here, in terms of gain in the EAR (1990-2000) the “Agricul¬ 
ture” areas did not replace “Forest” areas, rather they replaced 
“Herbaceous Vegetation and Moorland”, specifically when “Ag¬ 
riculture” areas replaced “Herbaceous Vegetation and Moorland” 
areas at a rate of 0.61% faster than what would have been ex¬ 
pected in the case of random gain. The results also revealed that 
gain in “Forest” areas was related with the “Herbaceous Vegeta¬ 
tion and Moorland” areas, which were replaced by “Forest” at a 
rate of 0.9% faster than expected. In addition, when gain oc¬ 


curred in the “Herbaceous Vegetation and Moorland” areas, it 
was not replaced by “Forest”; rather, it replaced “Agriculture” 
areas 1.5% more than expected if “Herbaceous Vegetation and 
Moorland” areas had experienced random gain. 

Also, when the categories gained, they tended to replace 
“Herbaceous Vegetation and Moorland” by (0.69%). Neverthe¬ 
less, they were reluctant to replace the “Forest” and “Agricul¬ 
ture” categories outside of the expected random processes (Table 
2). In this context, “Herbaceous Vegetation and Moorland” ex¬ 
perienced a loss while “Agriculture” and “Forest” areas tended to 
remain in place. 


Table 2: Systematic transitions in the gain function. Ecuador Amazon Region, 1990-2000 


Transition 

Observed minus 
expected* 

Difference divided 

by expected 

Interpretation of systematic transition 

Forest in 1990 and Agriculture in 2000 

-0.13 

-0.03 

When Agriculture gains, it does not replace Forest 

Herbaceous Vegetation and Moorland in 1990 and Agricul¬ 
ture in 2000 

0.13 

0.61 

When Agriculture gains, it replace Agriculture gains 

Agriculture in 1990 and Forest in 2000 

-0.23 

-0.58 

When forest gains, it does not replace Agriculture. 

Herbaceous Vegetation and Moorland in 1990 and Forest in 

2000 

0.21 

0.90 

When forest gains, it replaces Herbaceous Vegetation and 

Moorland. 

Agriculture in 1990 and Herbaceous Vegetation and Moor¬ 
land in 2000 

0.13 

1.50 

When Herbaceous Vegetation and Moorland gains, it 
replaces Agriculture. 

Forest in 1990 and Herbaceous Vegetation and Moorland in 

2000 

-0.22 

-0.18 

When Herbaceous Vegetation and Moorland gains, it does 
not replace Forest. 

Forest in 1990 and non- Forest in 2000 

-1.46 

-0.19 

When non-forest categories gain, they no not replace 

Forest. Forest does not lose. 

Agriculture in 1990, non- Agriculture in 2000 

-0.17 

-0.30 

When non-Agriculture categories gain, they no not replace 
Agriculture. Agriculture does not lose. 

Herbaceous Vegetation and Moorland in 1990 and non- 
Herbaceous Vegetation and Moorland 2000. 

0.34 

0.69 

When non-Herbaceous Vegetation and Moorland catego¬ 
ries gain, they replace Herbaceous Vegetation and Moor¬ 
land. Herbaceous Vegetation and Moorland loses. 


If the gain in the categories had been given randomly, differences should be zero, however many of the differences aren’t close to zero. 


The most important systematic transitions in light of the losses 
in the EAR, during 1990-2000 manifested that when “Forest” 
lost, it was replaced by “Agriculture” more than by “Herbaceous 
Vegetation and Moorland” (Table 3). “Herbaceous Vegetation 
and Moorland” was replaced by “Forest” more than by “Agri- 
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culture” areas. The loss of “Agriculture” areas maintained its 
correlation with “Herbaceous Vegetation and Moorland”. It is 
because of this that when the categories experience a loss they 
tend to be replaced by either “Forest” or “Herbaceous Vegetation 
and Moorland”, and not by “Agriculture” areas. 
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In regards to the 2000-2008 period; because of the gains tran¬ 
sition, the dynamic of the prior decade continued (Table 4). The 
“Agriculture” category did not replace “Forest” but it did replace 
“Herbaceous Vegetation and Moorland” at a rate of 1.50% faster 
than if “Agriculture” areas had experienced random gain. When 
the “Forest” category experienced gain, it tended to systemati¬ 
cally gain “Herbaceous Vegetation and Moorland” (0.61%); thus, 
the “Forest” category did not tend to systematically gain “Agri¬ 
culture” areas. Also related to the gaining of “Herbaceous Vege¬ 


tation and Moorland”, was the tendency to replace “Agriculture” 
areas at a rate of 2.58% faster than expected fortuitously. 

Finally, when the categories experienced gain they tended to 
replace “Agriculture” and “Herbaceous Vegetation and Moor¬ 
land” areas; although reluctant to replace “Forest”. Hence, “Ag¬ 
riculture” areas and “Herbaceous Vegetation and Moorland” 
experienced loss while the “Forest” category tended to remain 
constant. 


Table 3: Systematic transitions in the loss function. Ecuador Amazon Region, 1990-2000. 


Transition 

Observed minus 

expected 

Difference divided 

by expected 

Interpretation of systematic transition 

Forest in 1990 and Agriculture in 2000 

0.66 

0.15 

When Forest loses, Agriculture replaces it. 

Herbaceous Vegetation and Moorland in 1990 
and Agriculture in 2000 

-0.56 

-0.35 

When Forest loses, Herbaceous Vegetation and Moorland does not 
replace it. 

Agriculture in 1990 and Forest in 2000 

-0.24 

-2.42 

When Herbaceous Vegetation and Moorland loses, Agriculture does 
not replace it. 

Herbaceous Vegetation and Moorland in 1990 

and Forest in 2000 

0.28 

0.38 

When Herbaceous Vegetation and Moorland loses, Forest replaces it. 

Agriculture in 1990 and Herbaceous Vegeta¬ 
tion and Moorland in 2000 

0.20 

10.58 

When Agriculture loses, Vegetation and Moorland loses replaces it. 

Forest in 1990 and Herbaceous Vegetation and 

Moorland in 2000 

-0.21 

-0.55 

When Agriculture loses, Forest does not replace. 

Forest in 1990 and non- Forest in 2000 

1.59 

0.70 

When non-Forest categories loses. Forest replaces them. Forest gain. 

Agriculture in 1990, non- Agriculture in 2000 

-0.78 

-0.17 

When non-Agriculture categories lose, Agriculture does not replace. 
Agriculture does not gain. 

Herbaceous Vegetation and Moorland in 1990 
and non- Herbaceous Vegetation and Moor¬ 
land 2000. 

0.32 

0.19 

When non-Herbaceous Vegetation and Moorland loses, Herbaceous 
Vegetation and Moorland replace them. Herbaceous Vegetation 
and Moorland gains. 


If the gain in the categories had been given randomly, differences should be zero, however many of the differences aren’t close to zero. 


Table 4: Systematic transitions in the gain function. Ecuador Amazon Region, 2000-2008. 


Transition 

Observed minus 

expected* 

Difference divided 

by expected 

Interpretation of systematic transition 

Forest in 2000 and Agriculture in 2008 

-0.27 

-0.09 

When Agriculture gains, it does not replace Forest. 

Herbaceous Vegetation and Moorland in 2000 
and Agriculture in 2008 

0.20 

1.50 

When Agriculture gains, it replace Herbaceous Vegetation and 

Moorland 

Agriculture in 2000 and Forest in 2008 

0.32 

0,61 

When Forest gain, it replace Herbaceous Vegetation and Moor¬ 
land. 

Herbaceous Vegetation and Moorland in 2000 

and Forest in 2008 

-0.42 

-0.27 

When Forest gain, it does not replace Agriculture. 

Agriculture in 2000 and Herbaceous Vegetation 

and Moorland in 2008 

-0.73 

-0.39 

When Herbaceous Vegetation and Moorland gain, it does not 
replace Forest. 

Forest in 2000 and Herbaceous Vegetation and 

Moorland in 2008 

0.65 

2.58 

When Herbaceous Vegetation and Moorland gains, it replaces 
Agriculture. 

Forest in 2000 and non- Forest in 2008 

-1.23 

-0.23 

When non-Forest categories gain, they no not replace Forest. 

Forest does not lose. 

Agriculture in 2000, non- Agriculture in 2008 

0.33 

0.18 

When non-Agriculture categories gain, They no not replace Ag¬ 
riculture. Agriculture does not lose. 

Herbaceous Vegetation and Moorland in 2000 
and non- Herbaceous Vegetation and Moorland 

2008. 

0.60 

0.91 

When non-Herbaceous Vegetation and Moorland gain, they re¬ 
place Herbaceous Vegetation and Moorland. Herbaceous Vege¬ 
tation and Moorland lose. 


If the gain in the categories had been given randomly, differences should be zero, however many of the differences aren’t close to zero. 


The transitions related to loss in the 2000-2008 period are pre- land” category; while this particular category continued to be 
sented in Table 5. Here, the loss in “Forest” and “Agriculture” replaced by “Agriculture” areas. Therefore, when the categories 

areas was substituted by the “Herbaceous Vegetation and Moor- experienced loss, they tended to be replaced by “Forest” (0.39%) 
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and “Herbaceous Vegetation and Moorland” (0.77%), in light of the expected random process. 


Table 5: Systematic transitions in the loss function. Ecuador Amazon Region, 2000-2008 


Transition 

Observed minus 

expected* 

Difference divided 

by expected 

Interpretation of systematic transition 

Forest in 2000 and Agriculture in 2008 

-0.13 

-0.05 

When Forest loses, Agriculture does not replace it. 

Herbaceous Vegetation and Moorland in 2000 

and Agriculture in 2008 

0.08 

0.07 

When Forest loses, Herbaceous Vegetation and Moorland replace 

it. 

Agriculture in 2000 and Forest in 2008 

-0.92 

-0.45 

When Agriculture loses, Forest does not replace it. 

Herbaceous Vegetation and Moorland in 2000 

and Forest in 2008 

0.79 

6.71 

When Agriculture loses, Herbaceous Vegetation and Moorland 

replace it. 

Agriculture in 2000 and Herbaceous Vegeta¬ 
tion and Moorland in 2008 

-0.24 

-0.22 

When Herbaceous Vegetation and Moorland loses, Forest does not 

replace it. 

Forest in 2000 and Herbaceous Vegetation and 

Moorland in 2008 

0.17 

1.06 

When Herbaceous Vegetation and Moorland lose, Agriculture 

replaces it. 

Forest in 2000 and non- Forest in 2008 

1.34 

0.39 

When non-Forest categories lose, Forest replaces them. Forest 

gain. 

Agriculture in 2000, non- Agriculture in 2008 

-0.07 

-0.02 

When non-Agriculture categories lose, Agriculture does not re¬ 
place. Agriculture does not gain. 

Herbaceous Vegetation and Moorland in 2000 

and non- Herbaceous Vegetation and Moor¬ 
land 2008. 

0.93 

0.77 

When non-Herbaceous Vegetation and Moorland categories lose, 

Herbaceous Vegetation and Moorland replace them. Herbaceous 

Vegetation and Moorland gain. 


If the gain in the categories had been given randomly, differences should be zero, however many of the differences aren’t close to zero. 


Forest fragmentation 

“Forest” is the dominating landscape in the EAR even though in 
the last eighteen years the changes (Table 6) have been signifi¬ 
cant. The LPI reduced, indicating an underestimation of the 
“Forest” category, which reduced by 27.19% in the 1990-2000 
period and 2.39% in the 2000-2008 period (Fig. 2). 


Table 6: Fragmentation Index for the Ecuadorian Amazon region in the 
periods 1990, 2000 and 2008 


Index 

1990 

2000 

2008 

LPI 

79.59 

52.39 

50.00 

PD 

0.04 

0.06 

0.07 

NP 

4,147 

6,149 

6,581 

AREA MN 

2,035.70 

1,285.69 

1,173.18 

TCA 

5145,128.00 

4544,204.00 

4361,612.00 

CPLAN 

54.14 

47,93 

46.17 

ENN-MN 

509,74 

504.37 

513.43 


The tendency to dominate was inverted in the case of NP and 
PD. Thus, 2,002 new fragments appeared between 1990 and 
2000 and 432 fragments integrated into the Amazon landscape 
between 2000 and 2008. Likewise, the PD increased from 0.04 to 
0.06 fragments per area unit between the two periods. 

The AREAMN, registered losses of 2,035.7 ha compared to 
1,285.7 ha in the last eighteen years; that is to say, a reduction of 
36.84% over a ten-year period. 

In addition to the reduction of “Forest” was the isolation of the 
fragments therein, even though the average distance between 
fragments did not show substantial differences in the three parts 
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of the sequence. In 2008, larger differences were registered in the 
average distances between fragments (509.74 m; 504.37 m; 
513.43 m). Finally, the TCA (border of 500 m), in the “Forest” 
category tended to diminish as time passed, just as the percent¬ 
age of the nucleus area did in regards to the landscape. 
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Fig. 2: Landscape fragmentation in the Amazon region of Ecuador (1990, 
2000 and 2008). Between 1990-2000 the fragmentation processes are 
higher in the second stage (2000-2008) there is a tendency to stability. 
The "forest" in olive green, blue non-forest category. Protected areas in 
green and orange forest reserve 
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Discussion 

The results presented in this research provide information about 
the changes in land usage, the systematic transitions and the 
patterns of fragmentation in the Ecuadorian Amazon. Following 
the methodology applied (Pontius et al, 2004), the relationships 
produced between the different categories have been shown in 
detail. In the first period of the sequence, the categories showed 
more intense change in comparison with the second period. 
Especially highlighted was the loss in the “Forest” category and 
the gain in “Agriculture” areas during the first part of the se¬ 
quence. Afterwards, during the second period, a proportional 
pattern was seen between the loss and gain, suggesting stability. 
More recent trends suggest that the land surface for cultivation 
has stabilized in Latin America (Verchot, 2010). 

The reduction in the fragmentation patterns is related to the 
migratory flow experienced in the EAR. Immigration during the 
1970’s was possibly responsible for the landscape changes in the 
1980’s and 1990’s, principally due to the vitality and growth of 
the petroleum, agricultural and forest industries. The diminishing 
intensity in the change rate responds to emigration and aban¬ 
donment of lands. Pinchon (1997) and Fontaine (2006) maintain 
that many rural workers and settlers lost or abandoned their land 
in the EAR due to low productivity levels and thus lacked assur¬ 
ance of their subsistence. Similar migration and abandonment 
has been reported in other Amazonian countries due to poor soil 
quality and low productivity levels (Mesquita et al. 1999). How¬ 
ever, there are other contradicting cases, for example; Colombia 
has reported intense changes in land usage due to the growing 
rural population over the last decade (Armenteras et al. 2006). 

In relation to the transformation in the categories experiencing 
larger expansion, (“Forest”, “Agriculture”, “Herbaceous Vegeta¬ 
tion and Moorland”), the results indicate a confirmation of the 
importance of factors such as: natural regeneration, recuperation 
of individual remnants, germination from the wealth of seed in 
the soil, shoots from cut roots or ground flesh, dispersion of seed, 
migration from other areas and the fertility of the soil (Tucker et 
al., 1997; Moran et al., 2000). This may further the restoration of 
the tropical forest. With that, the research and management for 
this type of effects would be one step closer to inclusion in pro¬ 
grams that further bio-diverse restoration, ecological functioning 
and the supply of eco-systemic goods and services previously 
used for the native communities in the EAR. This idea is cor¬ 
roborated by Lamb et al. (2005), who protects and administrates 
large areas of secondary and regrowing forest as a measure to 
increase the forestry coverage in areas that have lost the original 
forest coverage. 

An analysis of the results equally suggests a relatively high 
capacity for resilience in the “Herbaceous Vegetation and Moor¬ 
land” and “Forest” categories in the Amazon landscape in Ecua¬ 
dor. In spite of the movement of this ground coverage, the resto¬ 
ration of the forest will prosper. Nevertheless, Saldarriaga et al., 
(1988) should be considered in reference to the recuperation of 
the tropical forest. Here it suggests that an uninterrupted period 
of 190 years is required for a previously cultivated area to show 


the biomass basics and values that correspond to a mature forest. 

One of the indicators that show the fragmentation of the forest 
is the NP and AREAMN (Li et al. 2009). In the case of the EAR, 
the results showed an increase in the fragmentation patterns in 
the “Forest” category, surpassing the estimates given by the 
United Nations Environmental Program (Albornoz et al. 2008). 
The 2001 study presented 3,502 fragments on the Continental 
Ecuador with an average of 39.6 km . These differences possibly 
indicate the use of different methodology in the estimation proc¬ 
ess. 

In the same way, the resulting consequences should also be 
considered due to the edge effect that they have on the patch 
forest. Skole and Tucker (1993), reported a larger area of frag- 
mented forest (<100 km ) in the central Amazon region in Brazil 
due to the edge effect (<1 km), which increased more than 150% 
in relation with the deforested area. 

Although this suggested stability, the tendency still signals a 
reduction in the AREA MN, and the repercussion could be the 
loss of species. Smaller fragments have shown faster losses of 
species (Lovejoy et al. 1986; Stouffer et al. 2009). In addition, 
the importance of the width of the fragment should be considered 
in view of the richness of many-organism species (Laurance et al. 
2010). Several research projects have reported a correlation be¬ 
tween the size of the fragments and bryophyte leaves (Zartman 
2003), tree seedlings (Benitez-Malvido and Martinez-Ramos, 
2003), palms (Scariot, 1999), among others. The fragment size is 
a determining factor for these groups to sustain viable popula¬ 
tions while also considering the abrupt, unfavorable ecological 
changes caused by the edge effect (Didham et al. 1998). In addi¬ 
tion, particularly in the EAR, there are cross-factors between the 
deforestation hubs and the zones that have experienced illegal 
hunting and commercialization of species of fauna, (Suarez et al. 
2009), which complicate the environment for those populations. 

Conclusions 

In Ecuador’s high Amazon basin, during the years of 1990-2008, 
the “Forest” and “Agriculture areas” categories replaced or were 
replaced more rapidly than would be expected in random process 
by “Herbaceous Vegetation and Moorland”. In relationship to the 
fragmentation indexes during the 1990, 2000 and 2008 period, 
the propensity was towards permanence in the “Forest” coverage, 
which demonstrates a tendency towards stability in the Amazon 
landscape of Ecuador, previously characterized as in the process 
of petroleum extraction and colonization. 

In a world where the production and consumption of forest 
resources is increasingly fulfilling its demand in tropical coun¬ 
tries, I urge the development of sustainable production methods. 
Under these parameters in the tropics, forest legislation cannot 
ignore the protection and administration of the large regrowth 
areas. It is one of the measures that can be taken to increase the 
forest cover in areas that have lost their original forest cover. 
With the results in mind, considering the zones that have reestab¬ 
lished “herbaceous vegetation” as priority zones for the devel¬ 
opment of the Amazon landscape, developing conservation, re- 
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forestation, forestation and agro-forestation plans and programs. 

The next few years will determine the future of the EAR. 
The tendency towards stability could be affected by the execu¬ 
tion of potential new projects related to the vitality and extraction 
of unrenewable resources. It is because of this that the new eval¬ 
uation mechanisms in the reestablished zones will help continue 
this tendency. 
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